In this study, we predict changes in specific segments of economic growth including the unemployment rate, the housing prices and changes in personal consumption by employing corporate and government bonds. Our hypothesis is that the use of yield curves of corporate bonds will improve the predictions over previous models that used only the yield curves of government bonds. Our results support that contention. We find that corporate bonds' spreads actually help predicting the changes in both the unemployment rate and housing prices. We also find a significant positive relationship between bond spreads and future changes in personal consumption levels, but the results are weaker than in the other two segments. One additional finding worth noting is that government bonds are better predictors for the long-term, whereas corporate bonds are better indicators for the short-term.
Introduction
High unemployment is one of the major concerns of central banks and economic policy makers. Since the reduction of the US interest rate to its lowest level ever following the market crash of 2008, several Federal Reserve chairmen have used the unemployment rate as an indicator for timing a possible return to higher interest rates in the belief that a low level of unemployment implies a stronger economy. Past research by Estrella and Hardouvelis (1991) indicated that government bonds' yield curve could provide predictions of future economic behavior because the yield curve implies future levels of interest rates. Their work established a positive relationship between the slope of the yield curve and the expected growth rate of the economy. Saar and Yagil (2015) later refined and extended this approach by adding yield curves of corporate bonds, thereby including all segments of the credit markets.
In this paper, we use the yield curves of both government and corporate bonds to determine whether they enable us to forecast specific characteristics of growth that Estrella and Hardouvelis had trouble predicting using only the yield curve of government bonds. These characteristics include the unemployment rate, home prices, which are sensitive to changes in interest rates and the economic outlook, and personal consumption, whose growth is usually used to measure both the strength of the economy and the overall sentiment.
We hypothesize that using more segments of the credit markets by differentiating between government bonds yield spreads and corporate yield spreads provides us with a better ability to predict specific aspects of growth measured by the indicators discussed above. Our results, shown later in this study, support our hypothesis. Stevenson and Pellatt (1972) , Kau and Keenan (1980) , Harvey (1998) , Papell et al. (2000) , Boyd et al. (2005) , Wachter (2006) , Piazzesia et al. (2007) , Chang et al. (2011) and Chen and Zhang (2011) . These studies helped in understanding how the tested variables in our paper behave. We find that by using data about the yield curves of corporate bonds, we can improve the forecast of the parameters of specific segments of economic growth such as the Case-Shiller home prices index, and changes in the unemployment rate and personal consumption.
The paper is divided into the following sections. Section 2 discusses the theory behind our work. Section 3 describes the parameters and the data we employed in the study. Section 4 investigates whether yield curves of corporate bonds can be helpful when predicting changes in unemployment. Section 5 examines whether corporate bonds' yield curves can forecast housing price changes. Section 6 attempts to predict levels of personal consumption by using data on yield curves. Finally, Section 7 concludes the study.
Theoretical Background
Since the 2008 crisis, several Federal Reserve chairmen have associated the return to "normal" interest rates with the behavior of the labor market and a low level of unemployment. This association stems from the fact that low unemployment usually indicates a stronger economy that can sustain a hike in interest rates. In this scenario, long-term bonds will provide higher yields because long-term interest rates will probably be higher than current rates. Thus, it is plausible to assume that a connection exists between bond yields and macroeconomic parameters.
Indeed, led by Estrella and Hardouvelis, previous studies have established the relationship between the yield curve of government bonds and macroeconomic parameters that predict economic growth. The researchers demonstrate that the slope of the yield curve of government bonds, denoted as the spread between long-term yields and short-term yields, has a positive relationship with future growth.
Nevertheless, researchers have found it difficult to predict specific segments of economic growth such as personal consumption. We believe that these difficulties stem from the use of only some of the components of the credit market. Recent studies by Saar and Yagil employed the corporate yield curve as an explanatory variable as well, thereby using the entire credit market in successfully forecasting economic behavior and even specific sector behavior. We test our hypotheses formulated later in this study using data from the US market from October 2002 to December 2016.
Thus, by employing both the government and corporate yield curves, and due to the relationship between future interest rates and our explained variables including the unemployment rate, housing prices and personal consumption, we claim that yield curves can also help forecasting specific segments of economic growth. Our results, shown later in this study, support our argument. While one could argue that other parameters might affect our explained variables, the main focus of the paper is to check whether the yield spreads of corporate and government bonds can help in predicting future behavior of specific segments of the economy.
Data Description

Data
In our study, we use the composite yield curves of corporate and government bonds. Our data source is Bloomberg, considered one of the most advanced data suppliers, providing both reliable and consistent data from October 2002 to December 2016. The curves we use are perceived as option-free because they consist of make-whole callable bonds alone, which eliminate prepayment risks (Fabozzi, 2005) . This type of callable bonds eliminate the prepayment risk because the call involves an additional payment.
In accordance with Chun (2011) , to achieve continuous results, we collected daily yield curve data and calculated the average for each month. Table 1 includes statistical information regarding the variables we used most in this paper. 
Methodology
Through regression models, we utilize bond spreads to predict specific economic indicators such as the unemployment rate, housing prices and personal consumption.
The following are the explanatory variables we use in our models:
Spread(G) is the yield spread on US government bonds. It is defined as the difference between the yield to maturity of a 10-year government bond (Y(G) (10Yr ) and a 3-month government bond (Y(G) (0.25Yr) ):
In order to distinguish between the predictive ability of the yield spread on US government bonds and that of corporate bonds, we also calculate these parameters: TotSpread(A) is calculated by subtracting the yield to maturity on 3-month A-rated corporate bonds from the yield to maturity on 10-year A-rated corporate bonds. As a result, the A TotSpead is:
is calculated by subtracting the Totalspread of bonds with a rating that is one level higher from the TotSpread of the investigated rating. This variable enables us to neutralize the effect of higher rated bonds. For example, the marginal spread on A-rated bonds is as follows:
These variables are consistent with those that Saar and Yagil used in extending previous studies.
Data for the AA rating is only available until 2011. As a result, we use A as the highest corporate bond rating. When making our initial adjustments, we also tested AA data until 2011 and found similar results. This phase demonstrates the robustness of our results shown later in this study.
In order to check the effect of explanatory variables of time t (the current time) on macroeconomic parameters at time t+k we lag the explanatory variables by k which is the prediction horizon.
Using this method, we can investigate whether the explanatory variables actually help forecasting specific future economic indicators. In our study, we use forecasting horizons of 1 to 36 months to check both short-term and long-term predictions. By using monthly data, we achieve more accurate results than previous papers that usually use quarterly data.
Can Corporate and Government Yield Curves Forecast Changes in Unemployment?
We argue that using the entire credit market by considering both the corporate bonds' and government bonds' yield curves we can improve the prediction of unemployment rates. Thus, we posit that: H1: Employing corporate and government yield curves allows us to forecast upcoming changes in unemployment.
Definitions
The first explained variable defined in this section is UnemploymentChg, which is the percentage monthly change in the unemployment rate. This variable enables to investigate whether the explanatory variables can predict a specific percentage change in unemployment.
The second variable in this section is a dummy parameter that gets the value 1 if the unemployment rate declined in the current month, and 0 otherwise. This variable indicates whether the state of the labor market has improved or deteriorated.
Testing the Hypothesis: Estimated Equations and Findings for H1
Past papers indicated that employing the corporate yield curves as financial predictors can improve GDP predictions. We suggest that the addition of corporate yield curves can also assist us in predicting specific segments of economic growth such as labor market trends. The equation (Eq. 4), strives to forecast the monthly change in unemployment by using the spreads defined above: , where UnemploymentChg is the monthly percentage change in the US unemployment rate, Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by: The correlation between Spread(G) and MarSpread(A) is 0.24. Table 2 presents the findings for Eq. 4. When we estimate an OLS regression, the lagging of the data creates a moving average error of order k-1. In order to correct this error, we used the Newey-West method which enables to adjust the created errors by using the lag length of k-1 due to the error that was created.
The results of this regression indicate that the yield curves can forecast monthly movements in the US unemployment rate, because the regression equation is significant for all forecasting horizons. There is a significant negative relationship between the yield curve spreads and a rise in unemployment. In other words, when the spreads increase, the future unemployment rate is expected to be lower. The results we find are in line with our assumptions, because, as explained in the theoretical background section of the study, wider spreads are related to higher future growth, indicating lower unemployment. Another interesting finding that accords with Saar and Yagil's previous results is that corporate bond spreads are better at predicting short-term macroeconomic parameters, whereas government bond spreads are better at predicting long-term macroeconomic parameters.
To test our hypothesis further, we extend the previous equation to the following:
This equation considers the entire credit market, dividing it into three commonly used categories: government bonds, investment grade bonds (rated A and BBB) and high yield bonds (rated BB and B). We believe that by using the entire credit market we can achieve the most accurate results. , where UnemploymentChg is the monthly percentage change in the US unemployment rate, Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)), MarSpread(IG) and MarSpread(HY) are the marginal investment grade and high yield spreads calculated by:
The correlation coefficients for the three explanatory variables are: -0.05, -0.19, -0.69 for the following three pair correlations, respectively: Spread(G)-MarSpread(IG),Spread(G)-MarSpread(HY) and MarSpread(IG)-MarSpread(HY).
International Journal of Economics and Finance Vol. 10, No. 6; 2018 Indeed, the findings in Table 3 illustrate that the addition of high yield bonds improves the prediction of changes in the unemployment rate. This table also shows a negative relationship between the spreads and the changes in unemployment. However, an interesting phenomenon appears as the prediction value of high yield bonds is not significant for most forecasting horizons. The comparison between Tables 2 and 3 indicates that using the entire credit market improves the prediction, because the significance of the regression is stronger for most forecasting horizons. In addition, as we saw earlier, government bonds are predicting better for long-term predictions as opposed to corporate bonds that are better for short-term forecasting.
These results confirm H1, because we demonstrate that the yield curve spreads can forecast movements in unemployment. As we explained earlier, investors think that the Federal Reserve will increase interest rates when the economy is expected to improve (meaning a lower unemployment rate), and their expectations steepen the yield curves. On the contrary, when the economy is in distress, the Federal Reserve is expected to lower rates flattening the curves. By using the slopes of the curves of the entire credit market, we use the basic yield levels that are implicit in the slopes.
Our final regression in this section attempts to predict whether the unemployment rate declines in the subsequent month: 
, where UnemploymentDec receives the value of 1 when the unemployment rate in the current month is lower than that of the previous month, and 0 otherwise. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by:
The correlation between Spread(G) and MarSpread(A) is 0.24.
The results presented in Table 4 indicate that the yield curve spreads can actually forecast a decline in unemployment. We should note that for this regression the connection between the explanatory and explained variables is positive, because in contrast to the previous regressions, here the explained variable serves as a good sign for the economy, reflecting a decrease in unemployment. The previous findings about the use of yield curves of government bonds for long-term predictions and the use of yield curves of corporate bonds for short-term predictions are evident here as well.
In order to validate our results even further we performed an out-of-sample analysis of the first linear regressions we estimated in this paper. To conduct such an analysis, we first had to define a proper estimation period which was defined from the starting point until the end of 2010 while the other observations were defined as the prediction period. Using this method we can compare our model's forecasts with the real data from the prediction period. The out-of-sample analysis for this section is presented in Figure 1 . This analysis yields a very small RMSE, cementing the effective prediction of the future unemployment rate.
The various different tools we use indicate the robustness of our results which confirms our first hypothesis stating that corporate and government spreads can forecast future changes in unemployment.
Predicting Changes in Housing Prices Using Spreads of Government and Corporate Bonds
Turning to the real estate market, we now try to forecast future changes in housing prices. Although low interest rates are correlated with high housing prices, we suggest that larger spreads indicating a future rise in interest rates foretell an upcoming rise in housing prices because of the improvement of the economy and the increase in disposable income. Thus, we posit that:
H2: Higher corporate and government bond spreads indicate an upcoming rise in housing prices.
Definitions
In order to measure housing prices, we use the S&P/Case-Shiller Home Prices Index, which is a commonly used proxy for measuring housing prices.
The first explained variable defined in this section is CaseShillerYoYChg, which is the percentage yearly change in the Case-Shiller Index. This variable allows us to investigate whether the explanatory variables can predict a specific percentage change in housing prices. The second variable in this section is CaseShillerMoMChg indicating the monthly change in the Case-Shiller Index. The last variable we define for this section is a parameter that gets the value 1 when the Case-Shiller Index rises in the current month compared with the corresponding month in the previous year. This variable indicates if the housing market has improved or deteriorated.
Testing the Hypothesis: Estimated Equations and Findings for H2
The first regression equation (Eq. 7) in this section attempts to predict the yearly change in housing prices by using the government spread and the marginal spread:
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Vol. 10, No. 6; 2018 , where CaseShillerYoYChg is the real change in the Case-Shiller Index compared with the corresponding month in the previous year. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by:
The results for this equation are shown in Table 5 , which indicates that the regression is significant for all of the forecasted horizons. As suspected, we found a significant positive relationship between yield curve spreads and a rise in housing prices. This finding is in line with our contention discussed above, because larger spreads are related to higher future growth, indicating that consumers have more disposable income with which to buy houses at higher prices.
Here too, we can see that corporate bonds are better at predicting short-term changes in housing prices, and government bonds are better at predicting long-term housing prices.
As we did in the previous section, to investigate our hypothesis further we extend the previous equation to the following:
This equation reveals the predictive abilities of the entire credit market regarding future housing prices. The results shown in Table 6 reiterate the previous findings shown in Table 5 . , where CaseShillerYoYChg is the real change in the Case-Shiller Index compared with the corresponding month in the previous year. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)), MarSpread(IG) and MarSpread(HY) are the marginal investment grade and high yield spreads calculated by:
The correlation coefficients for the three explanatory variables are: -0.05, -0.19, -0.69 for the following three pairs of correlations, respectively: Spread(G)-MarSpread(IG),Spread(G)-MarSpread(HY) and MarSpread(IG)-MarSpread(HY).
International Journal of Economics and Finance Vol. 10, No. 6; 2018 Here too, Table 6 indicates that the addition of high yield bonds does not improve the prediction materially, because they do not demonstrate a significant relationship with future housing prices. In order to check our results from another angle we use the following logistic regression estimating a predicted rise in housing prices: when the Case-Shiller Index value in the current month is higher than that of the corresponding month in the previous year, and 0 otherwise. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by:
The results presented in Table 7 confirm our previous findings showing that government and corporate bond spreads can predict a rise in housing prices. The regression is significant for all forecasting horizons, indicating a very strong relationship between government and corporate bond spreads and a rise in the Case-Shiller Index.
The final regression we estimate in this section tests the predictive ability of the spreads when forecasting monthly changes in the housing price index rather than yearly changes tested so far in this study: , where CaseShillerMoMChg is the real change in the Case-Shiller Index compared with the previous month. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by: The correlation between Spread(G) and MarSpread(A) is 0.24. Vol. 10, No. 6; 2018 The results in Table 8 are similar to those in the previous regressions, indicating that government and corporate bond spreads can predict monthly changes in housing prices effectively. The results are significant for all forecasted horizons, confirming H2. As we suggested earlier, the steeper the yield curves are, the higher future housing prices are expected to be. These results are in line with the connection between steeper curves and better future economic growth that increases the disposable income of consumers, enabling them to pay more for housing.
Here too, as in the previous section, we performed an out-of-sample analysis of a linear regression we estimated. Our out-of-sample analysis consists of the last regression for this section, which estimates monthly changes in housing prices. As before, the period from the start of the data until the end of 2010 was defined as the estimation period. The rest of the observations were defined as the prediction period. The out-of-sample analysis for this section is presented in Figure 2 . The out-of-sample analysis provides a very low RMSE indicating its significance, strengthening our notion that the models we present are indeed effective when forecasting housing prices for both the in-sample and out-of-sample predictions.
Can Corporate and Government Yield Curves Predict Changes in Consumption Expenditures?
We investigate our final question by estimating two regression equations that link the bond spreads to personal consumption, which is a main component of economic growth. We posit that:
H3: Changes in personal consumption can be predicted using the yield spreads of government and corporate bonds.
Definitions
For this section, we define two explained variables. PCEYoYChg is the real percentage change in personal consumption expenditures compared with the corresponding month in the previous year. This variable allows us to check if personal consumption has expanded or shrunk this year. The second variable is PCEMoMChg, which is the real percentage change in personal consumption expenditures compared with the previous month, allowing us to determine whether personal consumption has expanded or shrunk this month.
Testing of the Hypothesis: Estimated Equations and Findings for H3
Equation 11 uses the spreads on both government and corporate bonds to predict yearly changes in personal consumption.
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The results of the regression in Table 9 indicate that both yield curve spreads can forecast future movements in personal consumption, because the regression is significant for most of the forecasting horizons. , where PCEYoYChg is the real change in personal consumption expenditures compared with the corresponding month in the previous year. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by:
As in the previous sections, here too, the marginal corporate bond spread is more efficient in forecasting movements in personal consumption for the short-term, whereas the government bond spread is better at predicting changes in personal consumption in the long-term. In addition, we find a positive relationship between the spreads and future consumption, which is not surprising given that consumption is an important part of economic growth. Previous studies have shown a positive connection between the growth rate and the bond spreads. Our results support these previous findings and also shed more light on the yield curves' ability to forecast future economic behavior. The last regression we estimate in this study is similar to the previous one in which the explained variable is the monthly change in personal consumption: , where PCEMoMChg is the real change in personal consumption expenditures compared with the previous month. Spread(G) is the US government yield spread, defined as the difference between the yield to maturity of a 10-year government bond (Y(G)(10Yr)( and a 3-month government bond (Y(G)(0.25Yr)) and MarSpread(A) is the marginal corporate yield spread calculated by:
The results of this regression, shown in Table 10 , indicate weaker results than those of the previous regression. This result might be due to seasonal changes in consumption. However, in half of the cases the regression is significant, implying that the bond spreads can also predict monthly changes in consumption. When comparing the results of the different sections in this study, another interesting finding emerges. Yield curves are best at forecasting upcoming changes in the unemployment rate and weakest at forecasting changes in personal consumption.
Finally, we performed an out-of-sample analysis for the previous regression, which estimates yearly changes in personal consumption. Here too, we defined the estimation period from the start of the data until the end of 2010. Observations from 2011 to 2016 were defined as the prediction period. The out-of-sample analysis for this section is presented in Figure 3 . This analysis provides a very low RMSE signaling the significance of the results we obtained in the previous regressions.
Our findings contribute to the understanding that government and corporate bond spreads can forecast specific segments of economic growth such as the unemployment rate, housing prices and personal consumption.
Concluding Remarks
This study has investigated whether previous findings indicating that the spreads of corporate and government bonds can forecast macroeconomic parameters could be extended to predict the behavior of specific segments of economic growth such as labor market trends, housing prices and personal consumption. While previous studies have succeeded mostly in forecasting broad market indicators like the growth rate and stock market behavior, we suggest that the use of corporate bonds, first used by Saar and Yagil, can enable the prediction of segment specific parts of the growth of the economy.
Using linear and logistic regressions as well as out-of-sample analyses with data about the US economy from 2002 to 2016, we have reached several important conclusions.
First, we find that the spreads of corporate and government bonds can forecast changes in the unemployment rate both on the monthly and yearly level. Moreover, we find a negative relationship between the spreads and changes in unemployment, implying that higher spreads indicate a lower unemployment rate in the future.
When investigating the housing market, we discover a similar although positive relationship between the government and corporate bond spreads and housing prices. The positive relationship stems from the fact that ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 6; 2018 rising housing prices are related to an improved economic state accompanied by increased disposable income.
Finally, we tested whether our findings are also relevant for predicting personal consumption. Here too, we establish a positive relationship between the spreads and future personal consumption. However, while the results in this area are significant, they are weaker compared with those of the housing and labor markets.
All of our results were later reaffirmed by conducting out-of-sample analyses which provided us with a different approach to check their relevancy and robustness. One additional finding worth noting is that in line with the previous studies of Saar and Yagil, government bonds are better predictors for the long-term, whereas corporate bonds are better predictors for the short-term. We surmise that these findings result from the fact that investments in government bonds are usually more strategic and long-term as opposed to investments in corporate bonds that are considered to be more tactical.
In sum, by using a vast number of tools, out-of-sample analyses, and a relatively large and up to date sample in order to verify the validity of our results, we can conclude that government and corporate yield spreads can predict future segment specific parts of the growth of the economy such as trends in the labor market, changes in housing prices and personal consumption. One limitation of this study is due to the fact that precise and reliable corporate bonds data has been available only for a period of less than 20 years, and a future possible extension is to incorporate more data points when they become available.
